Folding pathway of apo-metallothionein induced by Zn2+, Cd2+ and Co2+.
Metal ion binding to the sulfhydryl groups of apometallothionein (apo-MT) causes both the formation of native metal-thiolate clusters and the folding of the polypeptide chain of each domain. Cd2+ and Zn2+ react with apo-MT to form metal-thiolate bonds in reactions that are complete within milliseconds and which are pH-dependent. Dual mixing experiments were conducted that involve the initial reaction of metal ion and apo-MT followed by mixing with 5,5'-N-dithio-bis(2-nitrobenzoate) or EDTA after 26 ms. They showed that structures had formed within the brief reaction period which were resistant to rapid reaction with reagents that interact with sulfhydryl groups or metal ions, respectively. It was concluded that native metallothionein domains had been constituted within this brief period. Apo-MT was also titrated with Co2+ to yield Co(n)-MT (n=1-7). Initially, Co2+ bound to independent, tetrahedral thiolate sites. Spectrophotometric analysis of the titration suggested that the independent Co(II) sites began to coalesce into clusters at n=4 (pH 7.2) or n=5 (pH 8.4). Back titration of free sulfhydryl groups (S) in Co(n)-MT (n=1-7) with iodoacetamide at pH 7.2 confirmed that clustering began at n=4. Upon conversion of these alkylated structures to the corresponding 113Cd2+ species 113Cd NMR spectroscopy established that the location of Co(II) in Co(n)-MT (n=1-3) was non-specific and that at n=4, the only observable structure was Co(II)4S11. The results suggest possible kinetic pathways of folding that are conceptually similar to those hypothesized for other small proteins.